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Abstract:  
DM-Ice is a new direct detection dark matter experiment planned for deployment deep in the South Pole ice underneath the IceCube Neutrino Telescope.  
This detector will consist of approximately 250-kg of NaI(Tl) scintillating crystals and will have sensitivity to testing the expected annual modulation in 
the dark matter signal.  Following the results of DAMA/LIBRA and preliminary findings of CoGeNT with respect to this modulation, an experiment in 
the southern hemisphere will be able to test the hypothesis while eliminating or reversing seasonal environmental and cosmic ray effects. 
In December 2010, two prototype units of 17-kg combined crystal mass were deployed at a depth of ~2200 m.w.e.; these units are now taking data.  We 
will report on the current status of the prototype and discuss the full-scale experiment. 

Annual Modulation: 
- Modulation of ~7% of dark matter signal 

expected from most halo models 
- DAMA/NaI and DAMA/LIBRA observe 

modulation over 13 years 
- CoGeNT observes a modulation over 442 

day exposure Eur. Phys. J. C (2008) 56: 333–355 337

Fig. 2 Model-independent residual rate of the single-hit scintillation
events, measured by the new DAMA/LIBRA experiment in the (2–4),
(2–5) and (2–6) keV energy intervals as a function of the time. The
residuals measured by DAMA/NaI and already published in Refs. [11,
12] are also shown. The zero of the time scale is January 1st of the
first year of data taking of the former DAMA/NaI experiment. The
experimental points present the errors as vertical bars and the asso-
ciated time bin width as horizontal bars. The superimposed curves
represent the cosinusoidal functions behaviors A cosω(t − t0) with a

period T = 2π
ω = 1 yr, with a phase t0 = 152.5 day (June 2nd ) and

with modulation amplitudes, A, equal to the central values obtained
by best fit over the whole data, that is: (0.0215 ± 0.0026) cpd/kg/keV,
(0.0176 ± 0.0020) cpd/kg/keV and (0.0129 ± 0.0016) cpd/kg/keV for
the (2–4) keV, for the (2–5) keV and for the (2–6) keV energy inter-
vals, respectively. See text. The dashed vertical lines correspond to the
maximum of the signal (June 2nd ), while the dotted vertical lines cor-
respond to the minimum. The total exposure is 0.82 ton × yr
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FIG. 4: Time evolution of the rate in several energy regions.
The last bin spans eight days. A dotted line denotes the
best-fit modulation found. A solid line indicates nominal pre-
dictions (see text). These lines overlap for the bottom panels.

the muon flux at SUL varies seasonally by ±2%, and
radon levels by a factor ∼4 [24]. Muon-coincident events
constitute a few percent of the low-energy spectrum [1],
limiting a muon-induced modulated amplitude to <<1%
[6]. Rejection of veto-coincident events does not alter the
observed modulation. Radon displacement via pressur-
ized LN boil-off gas is continuously maintained at 2 l/min
within an aluminum shell encasing the lead shielding [25].
A radon-induced modulation would be expected to affect
a much broader spectral region than observed [26].
The CDMS collaboration has recently claimed [7] to

exclude a light-WIMP interpretation of CoGeNT and
DAMA/LIBRA observations. In view of the compatibil-
ity of a mχ∼7 GeV/c2, σSI ∼ 10−4pb WIMP with both
CoGeNT (Fig. 1) and CDMS [16], a search for an annual
modulation in CDMS data seems in order. Observations
from XENON10 [18] and XENON100 [8] have been used
to generate a similar rejection of light-WIMP scenarios.
The assumptions in [8, 18] are examined in [17], where
no presently compelling case for this exclusion is found.
In conclusion, presently available CoGeNT data favor

the presence of an annual modulation in the low-energy
spectral rate, for events taking place in the bulk of the
detector only. While its origin is presently unknown,

the spectral and temporal information are prima facie
congruent when the WIMP hypothesis is examined: in
particular, the WIMP mass region most favored by the
spectral analysis (Fig. 2) generates predictions for the
modulated amplitude in good agreement with observa-
tions, modulo the dependence of this assertion on the
choice of astrophysical parameters [21–23].
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- consistent modulation phase 
- some tension for best-fit para-

meters between experiments 
- no modulation in other energy 

ranges 

Tension between modulation claims and 
best limits from other experiments 
(XENON100 and CDMS) 

Motivation for DM-Ice: 
Must run NaI(Tl) to test DAMA observation 
 - Must run with same detector for definitive test 
  - Theoretical dark matter models have tunable interactions with nuclei 

Must run in the Southern Hemisphere 
 - Any seasonal effects will have opposite effect 

Advantages of the South Pole: 
Infrastructure for experiment through Amundsen-Scott South Pole Station 
 - No underground laboratories available in the Southern hemisphere 

Drilling to 2500m established by deployment of IceCube 
Muon rate observed to be out of phase with expected dark matter modulation 
 - IceCube/DeepCore available for muon veto 
 - Ice surrounding detector moderates neutrons 

No temperature fluctuation at depth in ice 
Radiopurity of ice measured to be better than rock 
 - No radon, ppt of U/Th, ppb 40K 

DM-Ice Prototype: 
- Two units deployed December 2010 

- Collecting data continuously since January 2011 
- Each unit contains: 

- 8.5 kg NaI crystal (from NAIAD experiment) 
- Grown by Bicron 
- Background measured by NAIAD: ~ 7.5 cpd/kg/keV 

- 5” ETL 9390KB53 PMTs (x2) 
- IceCube mainboards and HV control 

DM-Ice Full-Scale Detector: 
- Projected deployment ~December 2013 
- Each unit contains: 

- 6 kg NaI crystal (x19) 
- 95.6 mm diameter, 250 mm length 
- Arrayed for anticoincidence 

- 3” Hamamatsu R11065 PMTs (x2 per crystal) 

- 60 mm OFHC copper shielding 
- Stainless Steel pressure vessel 

- 650 mm outer diameter 
- 1.7 m length 
- Capable of withstanding 6000 psi freeze-in 

Science Capability of DM-Ice: 
- Complete coverage of DAMA-preferred regions within 2 years of running 

- Possible even with higher background crystals 

500 kg*yr exposure 
2-6 keV modulation range 
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Fig. 17. Energy threshold: 2 6 keVee. 

 

Fig. 18. Energy threshold: 3 6 keVee. 
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